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PART II

TURBULENT MIXING OF THREE
CONCENTRIC REACTING JETS

By Beverly J. Audeh
Heat Technology Laboratory, Inc.

SUMMARY

The results of a computer program based on a modified
P - function solution to the multiple-stream-turbulent-mixing
problem are presented in graphical form. Though a computational
problem persists in the determination of the absolute magnitude
of the temperature, the plots of the normalized properties
indicate that the trends of the mixing and combustion processes
are properly defined. Recommendations to solve the computa-
tional problem in the temperature evaluation and to improve
the program are outlined. It is concluded with the addition
of a recommended subroutine the program would provide a method
of describing mixing of equilibrium gases with greater speed
than the available programs involving non-equilibrium cal-
culations.

Complete listings of the two-stream-mixing program and
the three-stream-mixing program are presented. The input
format is illustrated by sample input sheets, for both two and

three stream calculations.




INTRODUCTION

A digital computer program has been constructed to
evaluate the mixing and combustion characteristics of a
rocket exhaust jet with turbine gases exhausting peripher-
ally about the nozzle exit and with a surrounding external
air stream. This study is a continuation of work reported
in Part I (Ref. 1) of this report. Part I describes the
analytical model and the equations used in the program.
Computer runs were made for cases approximating the after-
burning of H-1 engine flows at low altitudes. The output
is in the form of velocity, temperature, and species mass
fractions plotted as functions of position. The results

of the three-stream-mixing analysis are presented.

LIST OF SYMBOLS

Ci Mass fraction of the i th species

H Total enthalpy, cal/g

h Static enthalpy (intermediate value defined by Eq.
(3), Ref. 1), cal/g

h' Static enthalpy (defined by Fq. (10), Ref. 1) cal/g

r Rédius, cm

T Temperature, °K

U Velocity in the x direction, cm/sec

X Distance in axial direction, cm



yA v/,

£ Transformation variable in axial direction (defined
by Eq. (16), Ref. 1)
0 Density, g/cm3
v Dimensionless stream function defined by Eq. (u4), Ref. 1
v Dummy integration variable in the P-function integration
Subscripts:
e Indicates external conditions
3 Indicates rocket exhaust exit conditions
ref Reference values
te Indicates turbine exhaust exit conditions
Superscripts:
® Dimensionless quantity

DISCUSSION

The solution of the flow equations for the velocity
and energy values at a position in a transformed mathematical
plane was obtained from the P function representation of the
mixing process. With these physical conditions specified,
the thermodynamic properties were then determined. All
chemical processes were represented by one;step reactions.

An atom balance was used with molecular composition deter-
mined to comply with the equilibrium restraint. Transforma-
tions were used to position these results in the physical

plane.



Program Input. - The program constructs and solves

the equations defining the mixing and combustion according
to the numerical (key) instructions placed in the input. A
prior knowledge of the possible reaction products is required.
A lower limit upon the mass fractions considered is used as
an input variable to allow flexibility in the compromise
between accuracy desired and required run time.

The P function solution for the three-stream-mixing
cases 1is modified using a table look-up of the modification

factor. The following equation

Value at Point ) _ / Value in the
Modification of Consideration External Stream
Factor (Rocket Exhaust ) External Stream
Value - Value

was used to determine fhis factor from the results of the two
separate two-stream mixing cases. The modification factor
is evaluated for each elemental composition, the enthalpy
and the speed. With these modification terms in the caléu-
lation procedure, it is possible to represent arbitrary
additions of energy and chemical composition such as that
of the turbine exhaust. The modified P function solution
is still a similar type solution with a Gaussian decay but
the initial profiles may be of arbitrary shape.

Because of the equilibrium restriction the program is
highly dependent upon the input thermodynamic data. Equili-

brium constants were input directly from Ref. 2 in tabular
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form. Thermodynamic constants from Ref. 3 were input in
array format for use in evaluating the static enthalpy in

the mixture of gases present.

Program Internal Structure. - The P-function solution

was modified by a factor obtained by normalizing the condi-

tions present at the sub-initial plane. In the three-stream-
mixing problem, the normalized conditions at the sub-initial
plane replace the initial values used previously in the two-

or the addition of arbitrary

stream mixing case. To provide
chemical species and energy levels, each of the properties
and elements are calculated separately using the appropriate
modification factor determined by the normalization procedure.
A table look-up of the modification factor with provisions
for linear interpolation of values is used. This method of
storing and retrieving the modification terms was found to
be faster and more accurate than a polynomial representation
of the modifying factor in the P-function.

The thermodynamic condition of the equilibrium mixture
.1s determined by constructing a matrix of equations involving
the unknown mass fractions, density, and temperature. The
equations are a combination of algebraic and transcendental
equations. A Newton-Raphson iteration technique is applied
to evaluate the unknowns. Logarithmic corrections for the
gaseous constituents, as shown in Ref. 4, are used to accel-

erate the convergence of the equilibrium composition calculations.

The atom balance is maintained by use of a numerical
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code for each moiecule within the system. In the code each
atomic species is assigned a particular numerical designa-
tion.

Separate subroutines are provided for the transformation
of the results from the matheﬁatical plane to the physical
plane. The transformation to the axial and the radial position
-locations are independent subroutines so that the uses may

easily alter the form of either of the transformations.

Computational Problems. - Some computational problems

persist in the program. Iteration is carried out upon the
static enthalpy of the mixture to determine the correct temp-
erature. This involves the calculation of the partial enthalpy
for each species from the calculated values of temperature

and the mass fractions. To limit computer run time the
number of iterations necessary to determine the density and
mass fractions must be kept low. This was accomplished by
adjusting the tolerance on the mass fraction calculation.
Investigation of several cases shows that the mass fractions
of some species, though present only in trace amounts, in-
fluenced the calculated enthalpy value of the mixture because
of their large heat of formation values. The temperature of
the mixture is calculated from the enthalpy iteration.

Because of the influence of the species in trace amounts with
high heats of formation, the computed magnitudes of the
temperature are too high. Since the temperature plots appear
as normalized curves, the trends and profiles are nevertheless
properly described. A posgible solution to this problem of
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computing the temperature is to'establish a test for each
species mass fraction and to eliminate those that appear only
in trace amounts from the enthalpy calculation. Experimenta-
tion would be fequired to determine the proper limit to place
upon the mass fractions. There was insufficient time to
attempt any trial of this approach.

Divergence of the solution for the mass fractions and
density occurs when the initial estimates are far from the
correct values. This is an inherent problem of the Newton-
Raphson iteration procedure (Ref. 5). Methods to speed or
force convergence exist but it was considered unadvisable
to resort to these more sophisticated methods while problems
such as that with the enthalpy iteration were present.

A study of expedient methods to eliminate these
problems indicated that the addition of the capability of
using the Lewis Thermochemical program (Ref. 3) as a sub-
routine would be the most useful. Inclﬁsion of this capability
would not only solve the two previously described problems
but in addition would make it unnecessary to provide a priori
information about the resultant products of the reactions.

The addition of this subroutine would be facilitated
by using the modification of the Lewis program carried out
by R. Taylor (Ref. 6) to calculate adiabatic flame tempera-
tures. It presently uses an internal table look-up for
variable fuel to oxidant ratios. This modification is

restricted at present to a minimum of two fuel to oxidant
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ratios. With this restfaint removed, the subroutine could
be used to calculate the thermodynamic properties given the

present input to the Newton-Raphson subroutine.

Program Output. - The output of the program is printed
in increments of the transformed stream function for a fixed
transformed axial location. Values for the mass fractions,
temperature, density, velocity, and enthalpy are printed
after each increment. These values are then located in the
physical plane with a print-out of the corresponding axial

and radial positions.

Presentation of Results. - The results of the analysis

of the mixing and combustion are shown as plots in Figs. (1) -
(11). The values are plotted as normalized values using
initial conditions of the rocket exhaust exit, the turbine
exhaust, or the external stream as indicated in the individual
coordinate labels. The normalized values are plotted versus
the radial location for the fixed axial location which cor-

responds to the fixed transformed axial location.

Two separate mixing zones were calculated for two-stream-

mixing. One case represented the mixing of rocket exhaust

and turbine exhaust while the second was for the mixing of
turbine exhaust and the external air stream. The intersection
of these two mixing zones was calculated to occur at a radial
position of 23.3 inches and an axial location of 1.2 inches

from the nozzle exit. The sub-initial plane was located by




this intersection.

Examination of the trends shown by the normalized
temperature plots indicate that mixing and combustion of
the relative cold turbine exhaust and rocket exhaust are pro-
perly described. The burning of the exterior portion of
the turbine exhaust is shown. The cooling of the rocket
exhaust by the cooler turbine exhaust mixing together on
the periphery of the rocket exhaust is shown as a dip in
the curves in Fig. (2). The onset of combustion of the
turbine exhaust is displayed by the rise in temperature ,
following the dip in the temperature curve.

The maximum peak of the temperature curves indicates
the secondary combustion of the fuel rich rocket exhaust
and turbine exhaust mixture which has mixed with the sur-
rounding air. It should be noted that the temperature caused
Dy the combustion of the turbine exhaust products is less
than the initial temperature value of rocket exhaust.

The plot of normalized mass fraction of water (Fig. (6))
displays the action of mixing of the turbine exhaust and
rocket exhaust both being fuel-rich with no combustion
occuring. This is indicated by the dip in the water profile.
As a fuel rich turbine exhaust mixes with the surrounding
air, combustion produces a rapid rise in the mass fraction
of water present.

The remaining species reflect the mixing and combus-

tion as shown in Figs. (%) - (11).




CONCLUSIONS AND RECOMMENDATIONS

Examination of the plots of normalized properties of
the three-mixing-streams indicates that the trends of the
process are properly defined. A computational problem of
determining the correct magnitude of temperature still per-
sists because of the dominating influence in the enthalpy
iteration of species with high heats of formation which are
in reality present only in tracz amounts. Though the absolute
magnitude of the temperature curves is too high, the pattern
of the normalized temperature predicts the cooling of the
rocket exhaust through mixing with the turbine exhaust and
the rise in temperature because of combustion of the mixture
of turbine exhaust and air as the radial position moves out-
ward from the centerline. The mixing without combustion of
the fuel-rich rocket exhaust and turbine exhaust followed
by the combustion of the fuel-rich turbine exhaust when mixed
with the surrounding air is also predicted by the plots of
the normalized mass fractions of the species.

It is recommended that capability of using the Lewis
Thermochemical program as a subroutine be added to the present
program. This would eliminate the need for a priori knowledge
of reaction products and by-pass the Newton-Raphson subroutine
used to calculate the unknown mass fractions.

It is concluded based upon the normalized profiles that

the modified P-function adaptation of the similar profile
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method is a feasible approach to the multiple-stream-mixing
problem. With the addition of the recommended subroutine
the program would provide a method of describing mixing of
equilibrium gases with greater speed than the available

programs involving non-equilibrium calculations.
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APPENDIX A

COMPUTER PROGRAM

The following description provides information for

those desiring the particular results formulated by the
program. This program deals with symbols and is very flex-
ible in the number of equations and species which may be
used as known information. Listings of both the two and
three-stream-mixing programs are given. A sample is pre-
sented for the two-stream-mixing in Figs. (12) - (15).

Three-stream-mixing sample input is shown in Figs. (16) - (21).

Limitations. - The program has the following limita-

tions:

1. The maximum number of input equations is 10.
2. The maximum number of species is 19.

3. Each specie table has a maximum of 20 values.

4. .The maximum number of equations that can be formed from
the input equations is 15.

5. The initial estimate for each unknown species must be
positive.

6. The values of the species tables must be input as
logarithms of the base ten. This is really not a
limitation since most thermochemical tables are given
in this form.

List of Input Variables. -

1. KT = number of values in each species table

2. NSMAX = number of species in the equations omitting nitrogen
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10.
11.
12.
13.
1,
15.
16.
17.
18.

19.

NRO = number of input equations

a. NRO1

NRO + 1

b. NRO2

NRO + 2

c. NSMAX1 = NSMAX + 1
d. NSMAX2 = NSMAX + 2
e. NRS = NSMAX1l - NRO1l

f. NRS1 = NRS + 1

NXG, a zero indicates one set of initial estimates of the
unknown species mass fractions; a one indicates multiple

sets of initial estimates of the unknown species mass
fractions. »

D1(I) where I = 1,NRS1 are constants used in forming the
last NRS1 equations. It is the mass fraction of elements
in the outer mixing region.

G1(I) where I = 1, NRS1 are constants used in forming
the last NRS1 equations: It is the mass fraction of
elements in the inner mixing region. '

SMASS (I) = mass of species I where I = 1, NSMAX

NALPHP (I,J) where I = 1, NRO and J

1, NSMAX (see below)

NALPHPP (I,J) where I = 1, NRO and J = 1, NSMAX (see below)
NALPHP and NALPHPP will be discussed later.

PSI =

DPSIBAR = Ay = AZ

DXI = Ag
DPSI = Ay
XI = ¢

PSIMAX = maximum value of ¢

XIMAX = maximum value of ¢

TREF T Reference temperature

ref?

PREF = »p s Reference density
ref

REFV = Reference number of moles
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20.
21.

22.

23.
24,
25.

26.

27.

28.
29.
30.
31.
32.
33.
34,

35.

36.

37.

38.

HE = He

HJ = H.
3

ACCTOL = tolerance of |h-h'|. used in the enthalpy
iteration to determine temperature

PSIJ = y.

w]
T = T is the input estimate for the temperature
DELTAT = AT or change in calculating a new T

DT = AT used as dT in the integration to determine static
enthalpy

TOL = tolerance setting for solution of simultaneous
equations

PSIBAR = ¥

]
N

UJ = U.
J

UE = U
USTARJ = U.
RHOE = Po

RH = r.
]

CNITROM = mass of nitrogen

AACON (I,J,K) where I = 1,6 and J = 1, NSMAX with J =
index of specie used for the thermochemical constants
and K = 1,2 for higher and lower temperature ranges
respectively.

Ad = a_, and PLYC = a 285 ..., A are coefficients of

the po?ynomial for F%w) used in the P-function integra-
tion. [Note: Used only in two-stream-mixing progranm. ]
PSI TABLE is used for interpolation base for the modifi-
cation factor tables. [Note: Used only in three-stream-
mixing program.]

MODIFICATION FACTOR tables are of the same size as the
PSI TABLE. There are complete tables for velocity,
first element, second element, ..., thru NRS1 elements,
and total enthalpy. [Note: Used only in three-stream-
mixing program. ]
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39.

uo.

L1.

42,

L3.

Ly,

45,

The

set

TTAB(K) where K = 1,KT and used for interpolation base
for T and species tables.

STAB (I,J) where I = 1,KT and J = 1, NSMAX with J = index
of species. Therefore, there are NSMAX species tables
with KT values in each.

AAHOT (I,K) where I = 1,6 and K = 1,2
AAHOT is thermochemical constants for nitrogen.

KSPEC (I,J) where I = 1,4 and J = 1, NSMAX will be dis-
cussed later.

XG(I) are the estimates of the final values of the unknown
species mass fraction where I = 1, NSMAX.

XG(I) CUT-OFF places a lower limit on the size of the
species mass fractions to eliminate computer underflow.

SUM provides a means of restarting the calculation and
still maintain the accuracy in the radial position inte-
gration. It is equal to the value of RSTARS print-out
for the previous position.

Data Format. - Data is read by two different formats.

first format reads fixed point integers by the following
up:

Each data card has 12 fields of width 5. Each value must
be right justified in the field. For example: If the
numbers 20,5 and 2 are to be read then 20 would be placed
in the first field, 5 in the second field and 2 in the
third field. A 2 would be placed in column 4, 0 in
column 5, 5 in column 10 and a 2 in column 15.

If an array N has a dimension of 15 then the values N(1l),
N(2),..., N(12) would be punched in the first card with
N(13), N(1lu4), N(15) in the second card.

If an array, say K, is two-dimensional of maximum dimen-
sion of 15 x 20 but only a 3 x 4 matrix is needed then

12 values would be read by columns in the order K(1,1),
K(2,1), XK(3,1), K(1,2), K(2,2), K(3,2),...,K(1,4), K(2,4),
K(3,4), K(u,u4).

Note: Most of the input to this program is of the form A(I,J)

with I = 1,..., NRO and J = 1,..., NSMAX where NRO and
NSMAX are values which are known and change with each
new case.
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The second format reads real or floating point numbers

by the following set up:

a. Each data card has 6 fields of width 12. Each value may
be input as a number which contains a demical or as a
number which is given with an exponent. For example;
-.000560511 and -5.605011E-4.

Formulation of Input. NALPHAP (I,J) and NALPHPP(I,J)

are two-dimensional arrays where I = 1,2..., NRO and J = 1,2,...
NSMAX. NALPHP and NALPHPP, the stoichiometric coefficients,

are used in the program and must be set up in a particular

way. These two arrays are used to input the coefficients of

the reaction equations.

Example:
2H2 + O2 2H20
2C + 02 2CO
C + O2 co,
C + 2H2 CHu
4 equations hence NRO = 2
7 species hence NSMAX = 7

Therefore, by reading the first equation from the left,
there is Hy (species 1), O, (species 2), and H20 (species 3).
Reading through the remaining three equations gives C (species
4), CO (species 5), CO, (species 6), and CH, (species 7).

The input for NALPHP and NALPHPP is as follows:

NALPHP
c C
H2 O2 HzO C Cco O2 Hu
2 1 0 0 0 0 0
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NALPHP (Con't)

H2 O2 H20 C Co co, CHu
0 1 0 2 0 0 0
0 1 0 1 0 0 0
2 0 0 1 0 0 0
NALPHPP
H2 O2 HZO C Cco CO2 CHu
0 0 2 0 0 0 0
0 0 0 0 2 0 0
0 0 0 0 0 1 0
0 0 0 0 0 0 1

Notice that the column i corresponds to the coeffic-
ients of species i and row j corresponds to the equation
j. For example, NALPHPP (2,5) represents the second equation
and the fifth species (C0). The stoichiometric coefficiént
of CO in the second equation is NALPHPP (2,5) which is 2.
When these arrays are loaded into the machine, all the NALPHP
coefficients for the first species are inputed before the
coefficients of the remaining species [See Fig. (12)].

KSPEC (I,J) is a two-dimensional array used in the
program where I = 1,2,3,4, and J = 1,2,..., NSMAX with J =

species J. TFor the above example,

KSPEC
H 0, H20 c Co Co, CHM
1 2 1 0 2 2 1
0 0 2 y Y 0 L
0 0 0 0 0 4 0
0 0 0 0 0 0 0
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The species 3, 5, 6, and 7 are products of species 1, 2, and

4 hence H20 is stored as a 1 in the first row indicating that

it contains hydrogen, Hy,, and a 2 in the second row indicating
that it contains oxygen, 02. It is important that the numerical
key for the species appear in its proper column but it may be

placed at random in the column. These values are input so

that all of the first species column (even zeros) are input
before the remaining species columns are input in order.

The D1(I) and G1l(I) are tied to the species numerical
key described in the NALPHP and NALPHPP arrays. From this"
D1(1) is the mass fraction of the element hydrogen, H, in
the outer mixing region. D1(2) is the mass fracfion of oxygen,
0O, in the outer mixing region. The last D1(I) value is the

mass fraction of nitrogen, No. The G1(I) values use the same

numerical keys and indicate the mass fraction of the elements

in the inner mixing region.
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tagaee i xlu

CAS ek oo oF VAL AT Uy

AN 1D Tre A osabkk (e S gl

SESLLer PN AU X ARE NceLel VAL OE S
[P TS LafquA'Iukb
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RESER. VIR TS
h R I
tite S AA(\_r.((\,(’b,é},h‘ﬁkb.\('/u)-AAHUT('N,.Z)
CALL 4‘ﬁL](L”V.W,AALC\,IT,k,AAh;T,N)MAKI)
b G- srax1)1,2,¢
1T rus sy 790581
SRV NI !
LV AR S eV A WS
LONT v g
e Tiygew
L

“‘S\Z('L?'iIS“Ab).Qw-,N.AACOw,E.,H,AAHL%,\bﬂaxl,

AN

320U FoRinaAN LTAGALO IC WESu IS = §yR o YR

U ERRUNS

i
i - .
{
!
).

-36-




N T BT ACAL2(HHUT , ~R
Lkt S i ARAML 1 (6,2),14A
it (“’IUUU’)I!le
————e 1 = o
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3200

Go SO pH K, F Y Y  FR,AY, AT, SUMT,SuM2, 1 vuT )

IHe UEPENDENT

FRKONE),AY(NEU) 4AYPINEW),
SUBROUTINE 15 CALLED FQUI_1IMES WIIH VALUES

HLANRTARY D)
1 yTXer /o,
_ﬂfL1=n/?.

1,2,5

Xo Yo YV,
SUBROUTINE STURES NO ESSENTIAL INPURMAT 1UN

INDI S

C SUTR T2 ERU sGE KUTTA PN EGRATIUN P
L1ESION # (1U0), Y (10U, YRCLO0),AYCL6U),AYX (10U ,5UMI(100)

R e UdmE St S m2(100),FaL100) o o o
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11

10 v Ry ) =reb ()
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1H0UOuUnY
INQUUVYY
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1QQoryv _
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In0UUidu L
INOUOLAU
INOGUOLYY
IeQuoley
INOGOL/U
InNOUGLBY
INQUODLYY
INOUDCOU
Ingu0C1w
INOUDEZY
InQuUGeSU
INDO0C4Y
[n0UGeou
[=0ylcou
FnQule/u
[nQuoesU
INQUDEYU
InQUUSUUY
Iwguoalu
InBUOSZY
T 'R Y]
1000340

~ANDUOIOL . _

in0uusey
iNOUOS 7Y
Ivou0IBY
inguodYy
in0v040U

INOUO92Y
INGUDASY
INQUD4ay
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1N0U04BY
inpuoevy
INQUGDOY
[0U021v
160u022y
[NOUODSY
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O g2
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YEEC leytl-1)+CU020v () +C030Y(]e1)
VIR ¥Y o _ o N L e
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IRV W
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IR EIVE RN - e
14=01-1.%
1o=(-73 _
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T T T 42 TE0E B B -
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“3=1
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“( 2, )z

Vi ok
L E LV E D
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BAYELEASE
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Lt 135U J=R3I, A

”(ﬂl.t)lH(KI.l)/“(*loKl)

(SRR R INT 3

tie 1ag Jer3, M

P Ay dEKI e U

t(l.J):B(l.J) H(i.Kl)tﬁ(Kan)
ER LT 3

U 1 20

L ) =BINSNe1) /B8, N)

r3ay-1

ni=R3e]

3

C) AU I=K1,N
Zoentn3, 1)eC(])
C(RIISH(F S, nA) =D
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I (%48) 350, ‘bﬂx?hb

gl =1u. /10,
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tty tu ?D

Aanlit(61,921)
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LISTING OF THREE-STREAM-MIXING
COMPUTER PROGRAM

3200 FuRIiNAN (2,1.0)75RTS) 7 7

e bt et e v &PROGH.H JETMIX . - — [ J— [

CUMMUN X10,IN,10,ABX

FLYC=CuEFFICIENT OF FOLYNOMIAL(PSIBAN)

TTTTTTTTCT 7T RUSCUNSTANT COEFFICIENT IF THE POLYNOHTAL =~ = 0 — = ===
c
|4

RATOVT(T, J,RY=CONSTANTS USED TN FTINDISNG HOT AND COW,

C AACONCL »JpyK)ELOWER TEMPE<ATURE RANGE FOR K=2 ANy
T T T AACONLT, J, K s UPPER TEMFE~ATURE RANGE FOR wkey aAND 7~ - =~
Cc FOR i®%,.,.,6 AND _=INUEX FQOR SPECIE K.
TTTTCTTTTTUAAKDT (i, J) WHERE J=zi OR 2 WITH JUs2 | FOR 77 T e e

'THE LUWER 1EMPERATURE HANGE FOR NITRUGEN,

c
T TTT'TTAB=TABLE OF T -
(MTENU, UF VALUES iR EACH SPECIE TABLE
"SYAW(I,J) AWE TAMLES OF SPECIE VALUES
CORRESFONDING TO SPECIE J WHERE [21,...,KI
"T IS VALUE OF INP..T FOR TABLE LOOK=-U+r
NALPHP , NALPHPP,NAA,NAAZ, VSMAX, NP AND NN@ ARE USED

TO0 SETUGP TRPUT EQUATIONS = —
ET=INCHEMENT +$0R INTEGHA JON
CELTAT=INCREMENT FCR T ]/ ERATION
L1€1) AND G1(i) FOR EWUAVION [+NRU¢1 AND CN]IRU

CBARUIY IS SOLUTION CF NION-LINEAR SYSTEW OF EQUATIONS -
SMASSCl) 1S CUNCENTRATIION UR MASS OF SPECIES |

CNITRO TS USEU IN RRC+I EOQUATION
CNITROMzZMASS UF NITRCGEN .
KNEW = 1 CAUSEg NEW CASE TO BE READ. - - - T
KNEwW IS SET IN NEWTON,

RXG = 1 IMPLIES THAT NO XG GUESSES AWRE AFITER CASE, T
AXG = 0 IMPLIES THAT XG SUESSES AWE AFTER CASE.

XGRIN TSTTHE SMALLEST VAUUE THAT
XG CAN TAKE IN NEWTQON.(]NPUT VALU?)

aaoaqoaaooaamaaadoacaac

LIMEISIUN TTAB(20),5TAB(020,20)
{IMENSTUN K5PEC(,20)
CIMENSION AQC(40),AUC40), KELEM(20), AACUN(6,20,2) AAHGT(6,2)

LIRENSIUN RRATIT, 207, NAR2TIT, 200, VP TIS Yo NNPTTIDY
CIMENSIUN NALPHP(10,20), vLPHPP(10,20)

T 77 TIHENSTION FRTL{10),.FKPLU10Y,T4B(20),ARRAY(24,22] ~ T

CIMENSIUN XG(20),CEBAR(21) o o
CIMENSION SHMASST20),T10(15),64{i5Y,PPiéi,PY16) .
LIMENSIUN ADV(40),A0EL1(40),A0E2(40),AUE3(40),AUE4140),AVEE(4D)

TIMENS ’ ] RAY(ZT1,227
CIMENSION SSTAB(20,20
T EQUIVALENCE tFDOT,F), (FDOTT,F2) — - - : T e

~-READ INPUT e e - — — — e et e el ol

doao .

IN260
1081 N
ABxs(0
731000 READ (IN,2)KT,NSMAX,RRU,NXG T o
Ii=y

T10=10 ~ ) T
NROL=NKUe}
e T "NRO2=NhD+2 . T e e —- T
NSMAXLI=NSMAX+Y
—— _U_.._,‘,Ksn“vzgnsn‘l‘z e e e — . . R
NRSsNSMAXL-NROY

KRS1=NRS*} - —
NFAZO
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D
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(IN,3)(DL1CT)Y, 121, NRST)
CIN,3X(GLCT), I=1, a5
(IN, 3)(SMASS(]), =1, NSMAX)

~EAD
FEAD
NEAD
READ
READ

READ

(IN,Z)(lNALPHC(I.J)-l=li.NROT.J=l1-N§MAX)
(1N, 2) CANLPHPE (L, )0 IR11,NRO) » J= 11, NSHAX)
TIN.3)pST, DPST TPSBAR. X1, DXT, P iMAX, xTMaX, TREF JPREF , REF V.,

1B NI, ACCTOL,PST U, T,CELTAT,DT, TOLsPoBAR,UJ UESUSTARJ,HHUJ,RY,
2CNITHM

READ CIN,8) CCAACONC T, U010, 121,60, 81s NSHAX)

HEAD (IN,3)((AACONCTLU,2),024,6), 0%, NSHAX)
READ CIN,S)(CAAHOT(14J),121,6),J21,2)

wEADCT L, TZ)a0E T
READCIN, 3)AUY
READ(InN, 3)AURL
READC(IN,3)AUE?
HREADCIN,3)AUES
READCIN, 3)AULES

I 1}

. READ (IN,3)(TTAB(KX),

READ(IL,3VAUEE
Ks11,KT)

READ CINSSYC(STABUT, )L [21,KT), Jel, nSHAX)
HEAD (iIN,2)((KSPEC(1,J4),12%,4), JEL,NSMAX)
HEAD N, ) (xu(T), Ix11, NSHAX)

HEAD (IN,3)XGMIN

5 Gl N

READCIN, 3)SUM
FORMAT (1215)
FDRMAT 1&Fi2 BV

FORMAT(6E20.8)

SET UP NAA AND NAA2 ARKAYS FROM NALPHP AND NALFHPP

qoa

470

“'To 470

LO 470 [=z1,NRY

J=1,NSHAX o T o
NAA(L,u)=0 :

NAARL),U)=0

CONTINUE

452
453
454

TT07a50 T=1,~nRO

CU 451 J=1,NSHAX o
IF (NALPHP(],J0))452,453,452
YYYSPIEN .
IF (NLFNPP(I J))454 451 y 454
NAA2(1,J)my ;

5]
as50!
L

[ Ke Ny}

CUNTIRNUE

CONTINGE é ) ]

SET UP NP AND NNP ARKAYS FROM NALPHP AND NALFHPP

K3y

456 ;

*T0 455 I=1,NRD 3

45y

NEY
“2Jel

T (NALPHP (], J))dsﬁylbb.lsa _
MNP(K)By

. KEKel

455
459

IF (k-NH57456,456,45%
CUNT INUE

183 (k NRS)‘S‘A‘B‘:‘S‘>
CONTIiNUE

Kai

~e0

A58

L0 4695

PEREY{
Iel ,NRU
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TF (NLPHPP(1,J))465,465,4068
468 ANP(R)=J
e kskel : —
IF (K-NRO)466,466,466 L
= %§5  CONTINUE - - T .
1F (K=NRU)466,466,466 '

T XY CONTINUE

¢ : e e
- N FRINT INPUTY T - o ’ o

c

T T T T WRITE (10, 94)KT, NSEHAX, NRD T T oo e
91 FORMAT (1H1,/77,28kK B! MIXING JOY NO. 560180//7.
T T T{14H NUMBER OF ELEMENTS TN TABLES =T3,3X, T oo
220HNUMHER 0OF UNKNUWNS =]35,4X,
e memmem s RS THNUMBER OF JNPUT EGUATIONS =2137) ST T e e
WRITE (10,92)(D1C1),1=11,NRSY)
T T T g9 FORMAT (6H DIC1Y/,(5E22,9)) o N oo T
wRh1TE €(10,86)(GLC1),I311,NRSY)
B6  FORMAT (GH GITTI/, (5E22,917
WRITE (10,94) (SMASSCI),I=11,NSMAX) .
T 94 FORMAT {18M MASS 0F «SPECIES 1/,(BE22.9)) I
WRITE (10,95%)(XGC1Y, =11, NSMAX) o
95 FORMAT {13k CBAK GLESSES/,(5E22.9)) CoT ' B i
wWRITE (10,392)XGMIN i
3% 2 "FORMAT T/,17H xG MINIMuM VALUE,SX,E17.%9//y 7 T e
WRITE (F0.96) (INALPHF (1, ), 2]1sNRO),Je{1,NSHAX) )
T gk FORAAT {//,7H NALPRP/,(10110)) ‘ o
CORRITE (JOL97)CINLPRPE O U)o 1= 11oNHDD» U211, NSHAX) )
97 FORMAT (BH VvALPHPP/,T10110)) - T T
WRITE (LU,98) CINAACL,J) 4 :311,NRO),J=11,NSHMAX)
YW FORMAT (9R NAA{1,J¥7,0I101100) ~
WRlTE (10.99)((NAA2(l.J).l=ll.NRO)oJ=11,NSHAX) .
T ‘99 FORMAT (10K NAAZ(I,J)/, (101100 T oTT - T T
WRITE (10,B0)(NP(]),1211,NRS) -
“BN FORMAT (&K NP({I1)/,(10110)) o ’ ' T T T
wHITE (10,81)(NNP(I)s12]1,NRO)
—————8TFORMAT " T7H NNPUIT/;TIVTITVYY
WRITE (10,82)PS1,DFST,UPSBAR, X1 ,DXIFoIMAX,XIMAX,
~— - —=———=  {TREF,PREF,REFV,KE,FJ,ACCTOL,PSIJ,T,DELTAT,DT,T0L, . T T
QFSRAR,UJ,UE,USTARU,RFOJ,RJ,CN]TRM L
-— ————---g2 FORMRAT (//,6H PST E17.9,4X,5H DPSIE17.9,2X,7HDPSIBAREL7.V, . T T
14x,5HX] £17.9,4%,5F0X] EL17.97,6H L5 MXELT . 9.4,

:nxxnarex77?1ixrswrwef—tr77vrlXTSRPREF—EI7;v;IX7
35HREFY E17.9/,6H HE £17.9,4X,95HKY £17.9,3X,
SEHACUTULEL7.9,4X,9HPS1J E17,9,.4X,3HT  ~ E17.97, oo T ST

SéH DELATEL7.9,4X,5+D7 £17.9,4%,5HiuL  E17.9,

13X, 6HPSIBAREL7.9,4%,5H0J ~ "E47.9/7,8H JE EL7.9, T T T
73X, 6HUSTARIELZ .9, 4%, SHRKHUJ E17.9,4X,5HRY E17.9,9K%,

BEHRCNITFRETT7. 977 ;

IR Lo 477 K=1.2 S e S
L0 431 J=1.NSHMAX
T T WRITE (10,B33J, (AKCORTI,J,K),1=178Y = o ’ B U oo
83 FURMAT (20X,19HAACCN(I,JoK) Uz12/,(5E22.9)) )
¥I1 CONTINUE
IF (K-2)473,472,472 - '
T T 873 WRITE (10,478) ) o T T C - T
' 476 FORMAT (//7,19X, JBH AlCUN ARRAY FOR LUWER 1EHPEleUHE5/) e
=877 CONTINUE T T S T T m—
472 CONTINUE
WRITE 10 48 CRRANCT O T T 1Y, 67T
489 FORMAT (7,20X,59HAAKOY/, (5822.9))
S ohgheh e
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WRTTE (TG, 475) (ARMETTT, 27, 121,60
475 FORMAT (/,20X,28HAAHCT FUR LOWER TEMPERATURES/» (5E22.9))

wRITECIU,B4)A0C T
WRITE(IU,B84)A0V
WRITECIU,B4)AUFY
WRITE(IU,B4)AVUER
WRITE(IO.84)A0ES
WRITECiIU,84)A0ES
. RRITECIU,B4)AUEE
84 FORMAT (//,19%,13H ACoAl,. 4., AN/, (8E22.9))

D

c . FRINT TABLES

— T T - -
RHITE (10,193)CTTAB(K) ,K=11,KT) o o
FORMAT (/7/,20X, 7HT TABLE//, (9E22.9)) — ~
WhITE (10,444) L e L
C 7 444 1 ORMAT (/7,20x, 32HSPECTE TABLES WITH XSLOGINUMBERIZ) ~ N
LO 200 I=1,NSMAX
WRITE TTI0, 1937]
194 FURMAT (20X,9MSPECIES 3]3,6H TABLE) o e

RRITE (10,195)(SYAB(K, 1), K2, kTY  ~ ~—— - T ) '

199 FOKMAT (5£22,9) '

o 200 CONTINGE T T T T T s e e e

2 0 0 0 O0 ©O0 O
-
7 T

c
T SETTING KELeM( Ty w1
C

TTO0 % K=1,20 T T e T ’ oo - T T
KELEM(K ) =K ) e e
T T 8 EUNTINUE T T T T -

0O
l
|
|
|

D
iy

T LUNVERT SITAR, ..., SC0TA8 TAQLES FHOM XL 0G{Y) TO Y VALUES
1P INEAYL00,350,100 )
T 100 TR INXGI350,350,381 0 T T T T e e o T T T
350 ANkAz1 .
o LO 255 1=21,KT o
LO 25% Ju=1,NSMAX
€55 SSTABUT,JY=sTAB(TI, )

2 2 O

354 [0 260 J=i,nSMAx 7 T T T o o T T o
[0 260 I=1,KT7
ClE (STABC],J)1493,491,491
STAB(1,J)210.0eeSTABC],J)

BCTRERLLE
493 ST=STAB(l,J)
) " AST=zST ' A T ) o -

FNST=NNT
T FFST=ABS(ST) -ABS(FNST) o ST T T T

~ STAH(1,J)=10.09eFF-STe10,0@eFNST '
490 CUNTINUE B
260 CONTINULE

J
|n
|o

4 WRITE (10,445) o B o
445 FORMAT (7/,20%,27HSFECIE TABLES WiTH XENUMBER/Z)

. L0 401 J=1,nNSHaAX
: RRITE(10,402)0,(STABCI,J), [31,KF) )
m 402 FORMAT (20Xx,18HSPECIE TABLE 12/,(5€22.9))

401 CONTINUE
wRITE (10,21%) o T
D 219 FURMAT (//7,20%,24HKSPEC(1,J) WHERE Jz|NUEXZ/)
“"ﬁ““““““""*tU“BU’J!ITWSHI!‘ h T oo D

"RITE €10,89) (KSPEC(E,J).1%1,4)

,x&% L msamee 1an
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J

88 COnTINUE
89 FORMAT (3Xx,415) L B »
T L0 34 121,30 C T T -
AQC]1)=0., L L o i 3 . ~ L
ST o F¥® CONTINUES 0 T T o CTTTT T
[ .

i e

“FREDECK VALUES o L o )

LAN L T
“‘1 've? i —

KPSI=0 ) L
ToLo=TOL T
FSHARU=PSHAR

FSI10=PST "~ 77 SR .
xjo=xl

900 IS THE RETURN POINT FOR PSI AND

© FROCESS TUNTINUES UNTIU XTaXTHAX, B T T T

1 . ’ OES FRUA
FSI1D Tu PSIMAX, THEN X]=xleDx1 AND IHE

®kC1s0

T SH1=0, T

TT2T
112=0,

SH2=0,
RLL=0 T m e
to 31 IL=1,6

9 CONTIiNULE

IFIRLL-178,7,8
L0 9 I=1,40
AD{1)®AUVIT)

xiLi=l
¢y Tu 30

&

[0 IV 1Y, 30 ’
AO(T ) =AUEL(])

CUNTiNUE T T
KiL=2 ) o B o
CO 70 30 Tt T ’ ]
I1F(nLlL-8)12,13,14

4
b
5

TO 17 1=17%7 ¥

AOD(CL)=AOEZ(L)
CONTINUE v
KLL=23

GO TD 30
LO 18 1=1,40

R
S
L ]

18

e €
19

KOUTTHROEITUTY
CUNT INUE
FLLEZS

Gu TU 30 ' ) o o
IF(KLL-S)IV.?UiZU“f_—-'

L0 21 121,40 i

K1

AOUIYSKUERATTY
CONTINUE o L
KLLzs ~ 7 0 T T

¢0 TU 30

T 720 TO 22 121,40 7 T
AUCT)SAOEECTD)
22 CONTINUE™
38 AEw=z1 ) o _ o

-4g9-



oo

VA

24

32

S
1A

11

31

43,

Sy

~
—
D ST

/11

TR S A
a:(1.4.5'|P9qu)/LV\uAn

' uU.u

- u.b

“Yb 2,
J 1zt .
[ERY SN VAR N - N

rll)ek,r 0, 24
Ay ”llﬂl(LSI.AI.'JIJ."U',F)NAN.A;C,AJ,‘yg)
.:1

() ll rAr.‘.l,» FER
=1

w
CALL hnlf1(vs1.xl.~>IJ.#nul.#aHAP.AnC.AU,»'L)
ING 3 NHed

i#(Ara(‘).lt.l.UF-30)3115$

YSay

bz, .

IHet b-a)1%,15,16 -

PRV TR

AUY SR Gty

Cou- v g

YT ALY

Llsrstig(ed. eny)

AR EY B R

FY(@lo)=y

(AN S FEERE FIS DR S ’

LU T i

tS‘ﬂ“=J.-'“(1)'(1.-b»/-:)
=5 Arei

Cvritusilg ~\1)-(1.~Lr(9>)oul(hx51).gu(5)
D 2 N L TIPSO e

skt (ji.4$2JPbl.Xl;“'(1):0\'A“pUnUNlT"Op”Y(1’

Furmrad (/7,64 bS] t1/7.9,4x,%.x, t17.9,3x,
124va b yALIES ArTen #4091 fllcnai],uyy,
b wr (1) 17, v, 60,60 Cian tl/.9,4x,

Pt PA7.V,4x,6r0N ] Hurl?.v,4%,
bty tl7.9v)
LRV L Foom T tvaLualje,

i Wi

eV s s VALLE EALH tdAl L O

fab /10 =1, 20
Atz ( 0 :
[

[N NN SV o
slézy . n .
1=z, 4

.’\.z‘w(j)

Py RO Al (g, )
IS DU N P

PACC Y ENS LA, 1N X

Al MU A T ah e T, e

~-50-~

ALL RUARUT (g, st , Lr uA*.V&uLd,‘.V.YF;FK»QV:EVPvBU”lnJH”Z:I

o)
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270 O O 9 O O 0 O

D,

O O

TF (v112%2,253,253
253 vi=10,0ee¢Y]
T TG0 TO 254 - o
2%2 <sTsyj} . S
o " RST=5T ’ T ) - ) o oo
FNST=NST
FFSTZARSTSYY-XBSTFRGYY
YI€10,eefFSTel0, 0eab NS o
254 °~ CONTINLE T s : T ) o e
FRPL(LY=SY]
T o T UTO 7086 Jel1,NSRAX h T T o e e TTooT T e
C216sNALPHP (], ) .
L 71337134236 T T T : ST T
i JYOSNLEHFP(],Jd) '
T 7065 713827144715 o T T T T T
C215%2213-214
TV FRCLUIIEFRFLUIY @ (B2.054T)ea745 ~— - T ; - T -
777 CONTINUE

WRITE (lo:‘?i)(FKCL(I)olzl:NRO) o o
421 F (URMAT (20X, THFRCL(|)/,(5E22.9))
~ WRITE (1D,422)(FKPL{1),1=21,NRD)
422 FOURMAT (20X,7HFKPL(])/,(5k22.9))
wRITE TT0, 347
447 FORMAT (/7))

c - - e
c ZERD AKRRAY (],
C -
LU 230 J=1,21
TU 2307 T%1,22" .
ARRAY(JU,1)=0,0
© 230 CONTINUE : : - ) L ;

C

C SEY¥-UP EBEGUATIONS {,...,N&0 N ARRAY( 1. ) o B -
E FIRST FILL IN ARRAY(],NSMAX2) AND »
L]
[

ARREYUT ,NSPAXIT

TTTTTTTTT Lo 310 1£1L,NRDO T T om e - : ) T T
2120.90
22s0.0 T CTT T T T o ) - o - T
LU 311 J=11,NSMAX
7 ZENALPHPTIT,; J1577
71aNLPHPP(],J)%21 ' ’
- : 311 CONTINUE :
ARRAV(I.NSMAX2)=ZI-ZZ
T 310 CONTINUE. e T ) ) o
LU 312 [=1,NRU : .
7IE0.0
LU 313 U=1,NSMAX
SMJ=SMASS( J]} a o - -
218716 (NLPHPP (], J)=-NALPHRP(1,J))*AL0G(SMY)
“313 CONTINLE B ' o -
FXCLJUSFKRCL(])
ARRAYUT,NSHAXIY==71-ACOGUFRCLIT
312 CUNTINUE

FIND ARRAY(f,Jd),128,...,4NRO AND J2L, ... s NSMAX

aoa

Lo 314 l=1,NKU
T 318 TURIUNSMAY o T o : " -
W7‘@5’*(LoJ)!NLPHPP(li.)-NALPHP(I:J) /
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JQ 0 O 0O 0 0 0 D o

J

Q-

O

JI4CONTINGE

c : N
C " cET-up ARKAY (Lo d) o 12NRUST, Umg, U NSHAX T
c

CONP=PHEF » TREF «REFV /T~ - T o T
LU 315 i=1,N§MAX :
ikﬁi;iﬁﬁui;Ailx./<cuav-swASS(ln
315 CONTINUE o i . , . . e
ARRAY(rMRUL,NSMAXY)2CA] tRO/CONP
ARRAY(NRU1,NSMAX2)z-1,

SET-UP S-K EQUAIONS

L . , = ’ ,t_,—_ a— - _— - - -~ .t e — e — S e ey e e e

Lo 3: o 1) S e _

N14zNKN+NROY ) ' : N .
e PT X AY(NL4, NANR)S{ 5 _..___._..: e e el . _

[0 1280 KNC T=1,NRS
KKNP=NF (KNC T )
Lu 250 l=1,NRU
LO 251 J=1,NSMAX o
L (vAa201,0101113,1413,1112 T - I ’ T
1113 GO Tu 251 .
1112 iubx=NaAAZ(T, )
Lis]
1184 15 (nKP-KSPECCIT, 1DEX))1116,111851116 - ' S '
1116 Il=ljey i
’ IF (11-4)1114,1114,251
1115 22eNALFHP(],KKNP)
T1eNLFRPPUT, TUEX) ‘ B
N152KNCT+NRUYT
anuAv(~15.1utxiz(Zz-SnAssiKKNPX)7TYx-sndsstlntx)r
__ 251 CUNTINGE
250 CUNYiINUE
1260 CONTINUE

|4 .
C ! SToRe KINRO1), ... KESMAX) INTO ARRAY(],SHAXS])

LO 2731 1=NRUL2,NSMAXY
C=l-nRU1 e e . : S R
RHITE(10,84)Pr(Je1)
‘”“‘lEVIVTT;WSﬁAxITE-D1(.)t(i.-PP(Joi))-u1(J)-P§TJ:IY’ T
271 CONTINUE :

— - ~ —_— c . ————— -

¢ LU 403 1=1,NSMax{

nRITE (10,404)1, (ARKAY(],0), z1,N5MAX2)
““““‘"‘”?ﬁ*“roﬁﬁlf”(?ﬁi}anwou T2, 1a4W OF aRRAY(T, U717, (5E22.977
403 CUNT INUE

ARITE (10,447) 1 7 omeee o
cToL=10Lu

-+

7KNEH s 0 R i » o F ‘ - B
cALL NrHION,(CBAR.‘ﬁRtY.§UN]ON,PANRAV.DELX.NSHAX.Nﬂgljpgilll}gd-
IxunlN.snISs.CNIIEUAREFv.puEF.fneF.xu)

B [F (RNFW)1001,1001,1004" . — e N . o
1601"lF(NxG)iOOO.lOOD.GOO ) o
600 CO 93 i=z1,KT .
) LD 93 J=e),NSHAXY " - - Tt T o LT
57‘9(];-‘)'551‘8(1:-«)
YIS TORTTRUE
60 Tu 1002 e L - e

-592-
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D

5 0 0 60 0 O

1001

CONTINGE

WRITE CI10,448)(CRARTUI),I=1,NSMAXY)
FURMAT (/,20X, 7THCBAR( 1)/, (5€22.9))

CHECKR THE [TERATTIUN THHOUGH THE ENTHALPY

21%0.0 .
72:0.0 ' T
(HEBeUHBAR(NSMAXY)

ChsHECU]1.,-PP(8))+HJsPF (6} T

FPEH-1./2,9USTARee2e L Een2e2 3901E-8

CBARINSHAX1JsCRITRC4CNITRN

"'FIRST FIND INTEGRATET PART OF SHALL

" NED=1 . T T o

21£0.0

72R0.0°
ANSD30 .

CO 150 N#£31,NSMAXY ' T
YP®0.0

FRe(.0 f

Avyz(.0

cumM2=0.0

Ti=0

YaegQ.

CTTeTU

IF (L)130,130,131¢

150
131
TTTT T U850

115

LsYel :
L0 111 .KKK=N,N o -
IND=1

TUM120.0 Lo e e

ElLL’HITWZYFUUTTZSFISS7CUVTWTIICUNTTTTWTTTVUTTWSFi!IoCNITRH)

CalL RUNKUT(NEO.NSC.[T.TToVZ.Y2.VP.FK.AV.AVP.SUﬂlosuﬂiaIND),
CaLL "‘lNz(FDUT'oSPASSJCUPIR.AACONl"panA“O1oNSNAX1|CNITRH)

— 118
111

IRDETNDFY

CONTINUE ) o B T
CONTiNUE

Y22=Y21

Y2iz=vy2

162

TT2ETTYI -

TT1=i07

It (AHS(Te=T1)« 000000217161,181,162
IF (17-1)650,650,501

2 POINY INTERPOLATIUN UN Y2

504
161

480

Y2EYZ2+((1-1T2)/(TT1=Ti2))0(v21-Y22)
J1BY28CBARIN) &2 -

(WINN ACAL2(NOI.H.AAHCI.T”.N,AACON{NSHA{})

IF [N-NSHAX1)480,479,479 -
22=CHAR(N)oHOT/SMASS(N)eZ2

— T~ —————0 T0 A7F -

479
T 478

499

L28CHAH(N)«HOT/CNITRM@ /2
CONTINUE

ITsT
"WRITE
FOHRMAT

(10,499)1CO0P,K0T,VY2,TT,FDOTT:N

(7,54 CO-PEL17.9,4x,5H HO-TEL7.9

2»4X,5H Y2 E17.9,

T T T TN S T TR TV, SF FOTTEL T Y, A SR

150 CONTINUE

-53-
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W,

29 2 0 O o0 o

2

D

SHEZ1472"
ARITE (10,433)SH,HF

433 FonMAT (2BH VALUES USEU IN THE ENTHALPY,&x,
15HSH  £17.9,4X,5Hre E172.9/77) )

o c

c ®C1 1S USED YO DEIEKMINE GUT-OFF APFRUACH FORM
T T TTCTTTTAHGVE. OF Eétﬁﬁ”fu&‘ﬁ:ﬁ:[?ﬁ“ViLug,

C SH2,5H1,7C2,TC1 ANC FP ARE USED IN INTEHPULATICON )
o C CN T WhICH GIVES Skepp, T

c

IF (MBS (HP-SH)-ACCTCL)I 850,850, 25—

25‘lb(AHS(SH2-SH)-
““"“"‘“‘"’3371?(SH232198;?16
2196}]5(AHS(5N2)-ABS
2199° [+ (AHS(SH2)-ABS
2197. SH2=5M1

2 O O 0 e o

 SH1zuH
1C2=1C1

830
640
1197

TCi=17" T

:01135,35,2197

7.2198 o
(HP))e21,812,812
(NP))BI?:GI?:BZ!

I+ (SH2)830,822,830

It (K(1-5)840,850,840
I+ (ABS(HP-bH)-ACCIUL)850.850.11ﬁ?»_
1+ (H+)400,400,4y8 -

400 1+ (SH)H41,841,812

498 1F(5H)R21,841,11909 —
1199 lb(HP-sH)u?Q,Bsg:gll
T B4Y 1T (AES(HP)-ABS(SH))EOI.ESU.BU?
801 xC1=z1 :
IF (AB&(hP-SH)-ACCIOLxasa.éso.e16“’
810 ¥ (ABS(HP)-ABS(SH))811,8%0,832

BIT T=YSUEITAY
— GO TH Sp0
_ KkC1=3
GU TU %00
802 xCiz2

'”'81?'TEY02¢(ABS(WPISH2)Y/IIBS(SHi;SHZTT3lBSTTUI-TC27' ST

TF (ABSTHP-SHY-ACCTOLY 850, 850,578
- 820 IF (aBN(HP)-ABS(SH))E21, 850,822 o
R21 r.rc1ocAus(np-s~1))/(Aus<su2-su1)»-Aas(rcz-rcz)
_ KC123
GO Tu 500
822 T=T-UELTAT

“_”“___——f‘“"ﬁb’fd'Séﬁ““““ T
850 CunTINUE
CALCULATIUNS FOR PRINT-DUTY T e s -
212=06,0
RHSTARZCHE/RHU Y

IF (RP\I)OI_Q_.OIO.GII

N T

610 FSPiixy.T
FSPI2%(2.ePS1)/((CBB/RHOU) e (U/UYY)
K5P1=1" o ’ -

611 CONTINOE o

"~ FSPliwfsp]2 ‘

PSPI2=t2.ePS1)/((CBB/RHO)I® (U/UY))

FYzFSET2-FSPIg
sun=sunoUPsx-(F5Plxox./2.-DFVo(1./3.-1./2.)-1./2.n

2[Fv--4/}ACT(4)0(1./b.-?.’35./4.-50.13.012."DF7005
"“‘JIFACT(S)‘(i./7.-15./6;&17.=225.7l76274:73.-60:)-
dLFYaeb/bACT(6))

“"”‘1[FY"24(1./4.)'Drfﬁ'SIFACTIJ)*(1:/5.-3./2.‘11./3.*3.)'

FSTERS*SUN— -
I WSTARESORT(RSTARS)

T
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2 92 D 2 0

)

0

D)

)

e e et b s

> 2 0

2 90 2 O O O 9

“CTALL CaL (X1,x51ARE) 7 T e v I
XSTAKSSURT (XSTARS) , o
FRR2RSTAR®R .
XEXSTARORY -
- c _ - )
c
C FIRNU PRINY STATMERT
c
- WRITE (10,300)7,H,SH,HP, THSTAR, RSTARS, XSTARS ,;RRR, X : : e
300 FORMAT (/,20X,28HF INAL PRINT STATEMEN! FOR T=k17.,9/7, £
T T T U1THOH E17.9,4%,8HSK ° E417.9,aX, T T T T s e e
26HHPHIMEELT . 9,4X, 6KKFSTAVELT, 9/,
T U T37H RSTARSEL7.94%, 8HXSTARSEL7.9,AX;— — - ' T "
4EHRRH  E17.,9,4x,6kx t17.9/7)
_ - ¢ X . SRR - e
C .
- IV (RABS{PSI-PSIMAX)-.0000001)1195,Y195,2196 = ~ - ) -
2196 If (PS1-PSIMAX)1196,1195,1195
T1IVBTFSIEPSISDPST v e e
LO 50 i=11,NSMAX _ B o
XGUI)=CBARL]) ‘ - B o
50 CONTINUE ,
- “RITECIO,95)IXGUT), 1811, NSMAX) =~ - ; -
.60 Tu 900
T TTTTIINS IR (RBSIXTSXTHAXT- B 00000V I600, 1000, 2098
2194 (F (XI-XIMAX)1194,1000,1000 ] , o
1198 FSI=FSI0 e
KPSji=0 . o -
o SUM=0,0 ' o ) o
Xlasxiebxl .
- GO TU 900U I
END —
J200 FORTRAN DIAGNCS!JC RESULTS = FUR  JETMIX
NOERRORS It B
R g o _ )
—_ . - . - — ; §
1Y
I
o i ‘“§__,__h_ .
i
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3200 FURINHAN (2,1.0)/74KTS) /7 7
SUBRUUTINE NEWTON (CEAR,ARRAY,FUNION,~ARRAY,DELX,NSHAX; NRO, TCL, oo
1T KNUW, XGMIN, SMASS, CAN L HRU, REF V, PREF, I REF , XG) '
CBAR(21) ARE APRPHUX[MALE ANSWER WHICH o T
Akt 10 BE USED FOR _IHE NEWTON METHOD
AHFAY(21,22) USED TN EVALUATING THE GIVEN FUNCTONS =
FUNCTICNC21) IS THE VALUE OF FUNCITONS s
FARRAY(21,22) 15 AN AHWAY OF PARTIALS USED T o T
IN NEWIUNS MEIHOD
LELX(21) IS DELTA XS uSkU T0 SETeypP
THE NEW CHBAN VALUES ]
TCONITRO IS USEL IN RKRESTEOUATION
SMASSC1) |S CUNCENTRATIOV OR MASS OF SPECIES |
XGOI) 1S THE INJTIAL GUESS FOR CBARCI)
XGMIN 15 THE SMALLEST VALUE THAT
X6 CAN TAKE IN NEWTORLTTWPUT VALUE) 7 777 o e e e
CUMMUN XIU.IN. IU"BX
[THENSTON TBARTZT) , ARARY (21,227, FUNTuN (21T,
_ 1FARRAY(21,22),DELX(21),XX(21),XX8(21)

LIMENSIUN EXPXX(21), SMASS(20),%x6¢(20) , DELX1(21)

i
'

aaaaaaa

1’

|
|

l
s

SOL1=vu.0
o T ONSMaxi= NoMAX+l T T e e e el e B
NSHMAXZ=NSMAXe2 .

NROL=NRU1
ARUZ=NKU+2
TULNEW=10Le,009
218CHITRO .
223PHEF e TREFeREFV/T T~ 7
L0 222 i=1.,NSMAX
I1=xGUTY/75RASS(TY+21

222 CUNTINUE

T RHOVUE=22/7771

CBARINSMAX1) ERHOVUE

LU 11% 1=1,NSMAX

CBARCEIZXG (1)

115 TONYTIRUE

c SET XXCI)=CHAR(L) B X i N

TTTULOY B=1.NSMAXS T - ]
XXCI)ECHBAR(]) -

i CONTINUE T - ’ T
L0 116 [=1,nSMAXY
IF Y RUTY =X GRINT T T 7 119 o

119 xXx{I)=ALOG(XX(]))
€0 10 116 o . — o e U
117 xx(l)=myxGMIN ‘
XXCIYZALOG(XX(]))
116 CONTINUE .
1000 wRTTETTO, 1000 (XX( 17,151, vSMAKXL)
100 FORMAT(10H XX VALUES/, (5£22,9))
o LO 41 i=1,NSMAXL
EXPXX(1)= EXP(KX(I)) S L e
I+
41 CUNTINUE

. o] 1INU THE VaLUE Of FUNTUN(I).IH...-.N"!O

[0 2 1=1,NRC

21=0.0

L0 3 Jz1,NSHAX i

Ji221+ARRAYLI, JYexxl Y ) T ' ) - T i ST

3 CONTINUE
FURTINUI TS Z I3 RRRAY T T, NSHEXY T ARRAVT T, NSHEYZ ) $ A XTINSHEAXLY

@ (ONTINuE

- i i e e e UV UV

’

~-56-
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FING YRE VALUE OF FUNTUNTT), T=NRO+1 o
71=0.0

L0 4 J=1,NSHAX

21=221+AKRAY(NKOL, J)*EXPXX(J) . s
CONTINUE ' o N CooTm T '
FUNTUN(NRUT)ZZ1+ARKAY(NRUL)NSHAXL I =EXP (-XX(NSHAXLD)

C

.6

—

5

e
B -]

FIKD TRE VALUE GF FUNTUNTYV, 1=NRO+2, ... ,NoMAX+]
LO 5 1=NRO2,NS5MAX1 ) B 7 o
"21=0.0 . CT o _

LU 6 J31,NSMAX _

" 713221 +ARRAY (I, ) eEXPXXTJD o ’ o : ’ o T
, CUNT INUE .

FUNIGNTUTT£Z1ARRAV(T, NSHEAYT) T - )

. CUNT INUE

'TTORE FUKRCTION VALLES IN PAwmdy 7 7 T o T T T T -
‘Lo 85 121,NSHAX]

" EFARRAY(1,NSMAX2)=-FUNTONCT) - .

T IF(ABX)26,25,26

4]
27
2%

WRITE U107y FORTUNTT T, 11, NSHAXTT
FONMAT (11H FUNCTICN 1/,(5E22.9))
CONTINUE ) T
FARTIALS OF FUNCTICNS

TO 7 1=1,NRO

LO 8 J=1.,NSHAX

TARRAYTI, JY=ARRAY (157 -

CUNTINLE "

PARRAY(],NSMAXL)ZARRAYU] ,NSMAX2) . ) T
CUNT INUE

0 9§ J=1,NSHAX T ' s i ' B -
FARRAY (NRO1,J)=ARRAY(NKROL, J)eEXPXX(J)

11

CONTTNIUE

FAHRAY (NKUL,NSMAXT)ISEXH(=XX{NSMAX1)) ’

TO 10 [=2NRUZ2,NSMAXY . ' T T D . o T T o -
LU 11 u=1,NSMAX R
tARRAY (1, JisARRAY ([2 ) eEXPXXC(IY ~~ T - ) “"
LONTINUE

10
‘52

FARREYTT ,NSFAXIT=U. T
CONT INVE B
IF {5011)52,52,54" ST T e e e e
LU 50 I=1,NSMAXY

Zi:ﬂ, ’ T T T cT D B T T o

LU 51 u=1,NSMAX]

51
50

55

ZI=7T3RBSTPRARRAYCT, JTT

CONT INUE

1+ (21-1.01%0,%0,3% : : - e
CUNTINUE

WRITFE C10,%%y 777 ) - o - - Tt
FORMAT (20X,28HMEMATRIX [MPLIES CUNVERGENCEZ/)

54

30

B 4

31

TOCI=1.T

CONTINI'E

“1FLABX)31,30,31 T - CoTTT T T T T T —
WRITE (10,32) (CPARRAY(1,J), 121, NSMAX1), 21 ,NSHAX2)

FOUORMAT [18&H PARTIAL ARKAW/,(5E22,977 - T ’ o T
CUNY INIE

TALTU " SIMEU(PARRAY  ASKFAXL, DELX) - - o
LU 12 1=1,NSMAX]

CXXLUE)=RXUIYDELXLD) ‘“‘

1?

13

bRI‘t(lU.Zl)(Xxyﬂl).lf},*SNA?l)uwﬁu

CONTINUE S
IF(ABX114,13,14 e SRR —t
RRITE CLU,I9Y(EXPXX(T), 131 ,NSMAXY) -
WRITE TTOTSTTDECYTTI S TWINSRAXTY T
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J

2 O 0 O 23 9 2 .

L0

15 FONMAT (100 XX VALUESZ, (5€22.9))
16 FOWMMAT (11H DeLTaA X(1)7,(5£22.9))
21 FukMAT(i1H xxi VALUER/, (5E22.9)) ~
14 CONTINUE
[o 18 {=1,NSMAXg — T
LELX1C1)=kxPUELX(]))

“““‘“*'“"“““Tr(iﬁSTUF[ilTT)-1.)~70LNtu)1s.1a.20

1B LONTiNuUE .
Lu 22 1=1,NSMAXy T
CBARC(] YEEXP(XX1(1))

27 CUNTINUE
Lu 301 I=1,NSMAX
—_—

XGUIVECHBARTTY
__________ 5017C0N11th+'7
T . KETURN
20-L0 60 1=1,NSMAX]
T XX exxi(q) T T
60 CONTINUE

———

t0 701000
. 902 wRITECIU,903)
KNEw = 1
T TTRETURN T
END

903" fuﬂniT"TI3ﬁ”E?§ETBTVEFEE§77f—‘”“—~“_"

T NU ERRORS — -

e S

3200 FORTRAN DIAGNCSTIC RESULTS - ¢uR NERTU!
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3200 FURTRAN (2.8.007iRTS) /7 T
- SURROUTINE FID (PXI,FPS]J,PPST,ANS;SPSBAR) -
COMMUN X0
T T "7 X IS ThE POINT OF EVALUATION
c ANS 1S THE ANSWER CESIHED
R T U FPSTJ,FPST AND PXT ARE NEEDED VALUES
c FOUR THE CALCULATIONS . -
T %I0s= (PLSI'SPSBAR/pFSIJSIIZ cOePXI7°PSIIY - -
IF(xi0-20.,15,5, 2
B % K=y N '
ANSzx[uee2/4,0+1, o
T T ANSI=ANS T T T T e R
10 A=Net B e -
) ANSzANS+(XTUEN/ (2. Dé4NeF ACTIN) Jywo2 ~—— T
ANS2=ANS1 _
T OANSLzANS e e e T -
IF(N-200)4,4,2
¥ TF TABSTANST=ANSZT =, 0000000 V2,253
3 6O vu 10 o B
2 RETURN N T
END ) B i )
3200 FORTRAN DIAGNCSTIC RESULTS - FOR Flo
- N0 BRRORS - - - -
-
-59~ :
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3200 FURIRAN

(2.1.0)/7LRTS)

VA
- SURROUTINE MAINLIUSPST,SXT,SPS1J,SFDUT,SPSBAR,SAOC,SAD,S5POL)
L IMENSION SAOC(40),5A0(40) \
CuMMuN X10 ’ T
c SFUO! 1S THE UOT EVALUATION TQ 8F INTEGRATED
CALL FIUCSXI,SPSTJ,SFS), ANSHER,SPSBAR)
P I(X10-20.)252, 4 . * S B .
2 Z1z(SPSHAN®2/(4,0e5X}))/5PS]y
lf(Zl*lDﬂ.)5.b.3 o
3 z210.
U T 7
- % 723ExP1-71y T B
7 73=(bel"2/(SPSlJ"2))/((Q.QSXI)/Sgﬁgilw»WV_ e
o7 {1k CZ3-700,09,v,8 T T .
8 l4xg. -
- TG0 tu 10 T T s T T
9 Z4xEXP(-23) )
10 TALLU TTNTUSFSBAR, SAGL, SA0, 40, 2, SPo0)
TSFDOIE/2474eSPOLESPSEARCANSHER N o
N 0O TH 6 - T T T T e e e o

4 21!((-(SPSI"2)-(SFSEAR0'2°SVPSIJ::?_)_‘Z::SPSl'Sf’_svlr\_J_”vv_‘ .

145PSBAK)/(4,eSX]e3FSTIJTTY -
1F¢21)11,12,12

11 IF(Z1+700.113,13,12

12 22=exP(21) - __ L
- - R O SVRS ¥ TR : - ST e

13 /2=0. ' . e . _ o
D ¥ o YR N T.TNTTSP'SBAR,SAOC.S‘AUJO.2.SWD' e T

EMESURT((2.03.14159265¢5PS[eSPSBAR)/(2.e5X]))
¥ DG TE(Z2eSPOLSPSRART/EN -

6 HETURN e
—_— a1 i e e
T TTTTTTT3200 VORTRAN DIAGNCSTC RESULTS = FuR  MAINQ
_NO ERRQRS
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3200 FURIRAN

SUBRTUT INE PULVAL(A{G.&,YY,PPSBAR)
AAD IS THE CONSTANT 'VALUE OF
AA IS THE A({1)...A120) COEFFICIENTS
YY IS5 tHE VALUE OF 1+E PULYNOMIAL A

‘
aada

VESTHAR

(2,1.0)/7(KTS)

THE »OLYVOMIAL N

TTRENSTUONAT20)

YYSAAQS CLCLCLCUEECOECCUC(CA(20)wPPSBARCA(L19))*PPLHARS

2FFSHARSA(14))¢PPSHAKSA(L3) ) ePPSHARSA(12) )
T 3EPSBARCALLL ) YoPPSAARSATID) ) ePPSBARCA(I) )
4FPSBARCA(B))*PPSBAR+A(7))*PPSBARCA(SH) )
T BEPSBARATS YT PPSBARA AT e PPSEARSATI) )
6PPSBAR0A(2))'PPSBAR‘A(I))-PPSBAR)
T T REYURN T T T
END . -

3200 FORTRAN DIAGNCSTIC RESULTS - FOR

POLVAL

T 1AUI8))+PFSBARCA(LT ) ) ePESBARCA(L16) )2 FSBAR+A(LH) ) e o

O o D O o 29 O

NO ERRORS - = = o e e -

fwe mma

- 4

2z
i
|
|
f

-61~

U S . [

e e s,




2 2 0 0

D

0 D

W)

- e " SUBROUTINE ACAL1(CCOF,RR,
CIMENS jUN AAACON(b.ZU:Z):
IF (TT-IUUO.)]..Z-Z
2 1t (N-NSMAX1)13,22,22

N

3200 FURIRA (2,1.01/7(RTS) /77
AAACON, TT, N, ARAHOT,NSMAXS)
AIAHOT(Q.Z)

T I1 TCOP=TAAKTONTI, N, 1)+ aRACD

N(2.N.1)'1I»AAACUN(J.N.II'TI'02¢

Go To 3

1AAACUN(4.N,1)'T'-OJ*AAACUN(5.N.1)}TI'OQ)ORR

22 LCUP:(AAAHUI(lnl)‘
14AAHUT (4, 1) eTTeeads
3 CONT INUE

AAAHUT(2,1)eTTeAAAH:

AMAHUT (5,1 )0t Taed)enR

1IT(3,1)w1Teege

- TRETURN T [ —
1 1P (w-NSMAX1)33,32,3z L e o
- R CCUP=(AAAEON?I.ﬁ.z)oliiéomtz,N;ii?TroAiICu~(3.~.2o-r|'-2o
1AAACUN(C,N,Z)OTYOOJ“AlCUN(S.NoZ"7|"‘)'NR _ e -
T T 6o tu 33 e TTRRAREN T U Tt
32 CCOP=(AAANOT(1.2)0AAAHUT(2.2)'TT¢AAAHUV(3.2)'1l--Z‘
TAKAH 1) T T YRR AHOY TS, e TTewd ) onh
(33 Continve L - _
HETUKN .
END i - o
3200 FORTRAN DIAGNCSI|C RESULTS - FOR _ acALl
TUNOERRORS o e - -
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3200 FURIKAN (2,1.0)/71HTS) /v

T T SURRUUT tNE HllNZ(FCUTT‘.SF!ISS,'CUP?WIIIUUW;TT,N. IINDT"\'SH!XI}
1CNITRM) .
T T T CIMENSION A'ICUN('Q.?U.“Z);SHISS(?UTTIAHTF(G L 2
CaLp lL‘Ll(COP.R;A‘CCN-r'.N.AAHUT.NS”AXl)
IF (N‘N5""1)10212
1 t0OTI BLUP/SMASS(N)
— e GO TO 3~ e e e L.
2 FDOTI=COP/CNI TRM
T I TONTINUET T e B T e T
FETUKN .
—END e e

T e SZUU"VUWTWKW‘UTTUWCSTTC"WEgUfTE_T'FOF‘""HIINZ"“* T

.- e I e R B e Ce R U e ——
NO ERRURS ?
——— e e = ——— - —— —— ———— - - -———— —— - — - o ——d —_
!
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3200  FURIRAN  (2.1.0074R1S) 7 7/
SURROUTINE ACAL2UHKDT,RR, ARAHOT,TT,4, ARACTIN,NSHAXY)

LIMENSION AAAHOT(6,2),AAACON(6,20,2)
{F (77-4000.21,2,2 . ' '

1 k=2
€0 TU 4
T2 k=g ) . N . N
4 |b (N"NSMAX1)D,6,6 .
S FHOT=(AAACONCL N, K)*AAACINC2,N,K)®TT/2, ¢AAACON(S,NeK)®T I0TT/3. o
FAAACUN(4, N, KR)*TTea3/4, sAAACON(S,N, K)o Towa/s9, ¢ S T T

2AAACUN(O,N,K)/TT)eRRelT
e P k)
6 FHOT=(AAAHOTI1,K)+AAAHUT(2,K)eT1/2.+AAAHOT(3,K)2TI¢TT/3,

“LARAHOT (4, KTetTee3/4, sRAAROT(5,Kie i TasdsB, o T e e
SAAAHUT(6,K)/TT)Y®RReIT o -
[} 7 chTlNUE o ) - T — T TOTTT T onomTm T e AR s e e
RETURN
END
T 3200 FORTRAN DIAGNCSIIC RESULTS = FOR™ ACALZ ~
NO ERRURS
i ; o — S
| :
- - _ } - ——— — - i
e i o R
N ,
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D

3200 FORIRAN

T T T T SUBROUTENE  CALUX T, ANSWNER)
ANSWER =2.eXx1/.00075

—— e R ETURN L e
END

(2,1.0)/74RTS)

3200 FORTHAN DIAGNCS1IC RESULTS - FuR  CAL

TTNO TERRORS T T s e Tt R
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3200 FORIRAN (2,1.0)/(KRTS) /7 7

FUNCTION FACTI]Y ) T
CETEXRMINES N-FACTORIAL FUR NN
IFtI-131,1,2 T
FACT=1,

RETURN r
tACT=].,

— L0 3 Jemil S e e
T
- TN FACTEFACTeF] ~ T e e e
RETURN
END
- 3200 FORTRAN DIAGNCSTIC RESULTS = FOoR FACT T
NO EHRURS
?
) e N e L
|
i
|
\
\
|
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"3200 FOURIHAN (2.1.00/7(RTS) 7/
SUBRNUTINE RUNKUTINEC,NSTO,H,X,F,Y, Y2, FR,AY,AYP,SUM1,SUMZ, INDT) INOGDUSD
c NUNKUTZZRUNGE KUTIA INTESRATION INDUDUZ20
CIMENSION F{100),Y(100),YPI{00),AYL100),AYP(100},5UML(100) INOUOU4Y
CIMENSIUN SUM2(1DB0),FK(100) - N In0UOUSY
T THIS "IRTEGRATES REC EUGATIDNS, NSO OF WRICH ARE SECONT OADER. ~ 7 (NQuDUGU
c F 1S THE STEP SIZE,X THE [NDEPENDEN! VARIABLE. THE UEPE VDEN | INOUOUTU
- [ VARITAGLES ARE STORED IN"Y AND YP,SECOND ORDER EQUATICNS FlroT. INQUOuUBY 7
c F IS THE VALUE OF THE FUNCTION (FIRST OR SECOND DERJVAT]VE, INOUOUYD
- TCTTTT AUXILIARY STORAGE PUST BE FURNISRED, FKUNEG),AVINEQ),AYP(NEY), INOGD100 -
c SUML(NS0),5UM2(NEQ), SUBAOUTINE IS5 CALLED FQUR TIMES WIiM VALUES [NOUO11U .
T TF X.Y,YP,F, K,Y,YP, INDT 75 T INODODIZ20 .
c COUNTER (1,2,3 OR 4), SUBROUTINE STORES NU ESSENTIAL INFORMATION [NOUO18U -
T INTERNALLY ' T T T T T T INpyoley T
IFCENDY=2) 1,2.9 INQUOLSD
- A XsXeH2, T T T T e e iNnouviey °
ALL=H/2, INOUOL 7Y
AL2=0, INOUOLBT
AL3z.S INGUD19D
AlLd=1, ‘ T e T T INOUDCO0
LO 6 1=1,NEU [NDUOCLD
AYiTisill} . T mmmmme e e Ingune20
AYP(1)zYP(]) INDULZSU
TRUMITIYED, INOUUCaY
6 SuM2(])=0, ’ INOUDESY
o GO0 TO 7 T S T T INOUDCOO
2 AL1zH/2, ) INOUOZ/0
T ) AL2zH/4, T T T INQUOCOY
‘ALI=z.H : INOUDEYO
aLazy; INOOD300 ™
G0 Tu 7 INQUDS1O
- % IF (INDT-3) 3,3,% T e e e - ST INDDODS20 T
3 XzxXeH/2, . INOUDSSU
T T AL1=H T T - - InQUOS4Y T
AL23H/2, INDUOSSU
AUS=1 INOOUSED
Apaz2, INDUOS/D
—T ~ 7T~ 708 I=1,NEQ T T i - Ino00skD
1F (1  -KSOU) 9,9,10 iNGUTSY0
— T I YU 2AVIT)SALISAYRU T SALZEFRIIY T T - INOGO40O -
. EK(l)mref (]) INGUD41Y
— YR YEATYPT TS RLIFFRUTY INQDOD&20
SUML L) =SUMLI (1) eFKr(]) ’ INDUUASY
GO TuU 11 - INDUDA4YD
10 FK(1)sheb(]) INDUDASY
- e YOI)=AYUT)ALJISFR{I) -~ ~ T - INOUDAGY
31 SUM2CI)3SUM(T)«ALAsFK(]) INQUOS /U
CONTINUE v TNOOD48T
KETUKN INDUDSYD
- T {8 TU 12 1¥I,NEQ S - - INDOOD0D -
TOFRC[)sReR () INOUDD10
T SUM2UTI=ISUM2UI)&FRITINZB, T INOUOS20
P (1-880) 13,13,14 INODUOD3Y
— I3 VUITEAVUT T +HeAYPIT Y +F# SIRITTV7S, INOODODAD ™
YPCI)SAYP(])eSUMR(]) INOUDDSO
T GO0 TO 12 R - INDOOS60
18 Y(I)sAY(I)eSUMCT ) INOUODD/C
" 17 TONTINUE o T T - INDDOSBY
’ HETURN ! INOUODYO
R TND INUUUOUTU

J2UY FURTRAN DTAGNCSTIT RESULTS = FUOR RUNRUT —~— — =~




e o e A S

o o O O 0O

€

o o0 o o 2> O O A » O O O

2 O

J

e
c

3200

SUBROUTINE LINTUARG, X, Y, NPT, IPYTY
LAGRANGE INTERPOLATICN,2,.3,4,5 POINI

iP 1S DNEGREE OF INTERPULATION ™~
APT 1S NUMBER OF PCINTS GIVEN IN TABLE

FURTRAN

(2.1.0)/74RTS)

20

TIWENSTON
1z2AKL

T i=1
IFCT-XC1))
ylavi{l}
GU Tu 400

30 TIalel

S
40

55

—— -

1FC1-NPT)2
T 1aNPT

2 POINT IN

551
57

CONTINUE

COo3=(T-XUITIZINCI-1)-XCTTT -

I SYANRAYA

QO.ZS-SULN_““—W

0,20.33

GU TU (40,55,60,60,60),1°
TERPOLATION 7

Co2s(T-X(1-317(X(1)=xt][-1))

Y1RCUL1sYI(]
c0 TU 400

L34
95

110

140

IF{1-1F7+2)
[ER DY

G0 TO 60
1F (1+1-NPT
121-1

Gu YU 110

-1)#CO2#7(1)

95,95 110

1149,145,140

185
c
T IuU

GO TO TI®%, I¥5, 100,200, 3007, TF

3 POINT IN
C1ex(1-1)
casxtl)

T e3sxilel)
curs(1-L2

g
200

T&RPOLATION

)0(I-CS))/((Cl-CZ)'(CI-CS))

<

LUZEITT'LII'Kl'LJTT’((Ud'LI"(Ld'CJT’

COS:((l-01)0(T'C2))/((CS-Ci)'(CS-CZ)
YI:CUX‘Y(I41)‘CUZ‘Y(1T‘CJJiY(TZIT""*

GO Tu 400

3 PDINT INTERPOUATIOR 7

Cisx(l-2) -

)

TZEXTT=17
c3=zx(1)?
caEx(l+1)
L1sCcl-c2

[2eC1-T37

L 3=Cl-C4

TRECZ=L9
r9sCe-C4
resc3:Cs
Tis1-C2
T287-C3
1387-C4

TRET-TT™

LUlS(‘1'!2013)1(01'02'03)

C02c-(14e72e¢73)1/71014T4405)

COSI(14"1'!3)/(02'04'U6)

-~ = go%z-(TA+TYIEFT2Y/

(D3IT5+0567 o
v[lculﬁY(l-Z)‘C02'V(l'l)‘COS'Y(l)’

CodeY(1+3)

GO TO 300

5 POINT INTERPOLATIOA
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Cazx(])

- CS5=x(]+1) - ST T r
L1=C1-L2
L2:=Ci-T3
L3=C1-L4 L i L _ e
T T La=Cci-td B
L5zCe-L3 _ , ) e o
TTTTTTTITTTE T T feec2-td T T .
L7=Cc2-LY N
L8=C3-C® s
L9=C3~L> e - e e e,
T T T T T L10=0e-(8
11=271-C2 ) , o v e e
T Tr2ev-CY
13=1-C4
T4=T-TH%
15s7-Ct o R L
B T L0 (11972i30T4)/(D10L22U3eD4)
CU22-(15e12eT35¢74)/([12D5eD6=D7) ~ - _ _
- - - COY=zt1heTiarleTdr/cDZenSeDNend) N
COG-(150T10T2074)/(L3%D6eDBeDLO)
CU53 (15971« 12+73)/(DasU7»EVeDi0)
YI=CULeY(1-3)4C020Y([-2)¢CO3eY(]Inl)e S S
R Ko ¢ T2 4 0 B Y ¢ 1 A 8 S5 1 -
400 KETURN e L
- ST ENDT T O . )
J2UU0 FORTRAN DTAGNUSTIT RESULTS - FOUR LINT
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ll
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3200 FuRiwAN (

SUBRUUTINE SIMEG(A,WN,C)

CIMENS 1 ON uzx.zzu';ﬁ(zx,ez).cczuw
TULsY,0E-08 it

, KA=N+]

K2=2

10
20
30
40

50

100

120
130

140

_ 200

NO ERRORS

210

220

'C(KJ)IH(K3.KA)-UhVV_,

300
310
320

a1
350

K3=1

LO 10 l=1,N

LO 10 usl,xa

MOVE MATRIX TU WORKING AREA
B(l,J)= ACL, )

IFCABS(B(KS, K3))-1CL) 30, 100.100
It (K?-MH?.‘O.SOD

LO 50 1e1,«xaA

Lzy(rd, 1)
b(KS,[)aB(K2,1)
B(K2,1)eD

CUNTINGE

K2zK2+1

GO TU 20

K1zKJ3

KIzKSe

K2zK3e1
IF(K3=v)120,120,290

U 130 J=Kk3,Kxa

B(x1, l)tB(Kl.l)IB(Kl K1)
CONTIENUE

LO 140 §=K3,N

0 140 y=x3,KkA o
B(l,ud=gCl,d)-08¢(1, K1)eB(Ki, )
CONTINUE -
GU Tu 29

C(n)= SHIN,N+1Y/B(NLN)

K3=N-1

KlzK3e1

L=0,

LU 220 J=K1,N

L=Dend(r3,])eC(]) '

KIzKS=1
[F(K3)350,350,210
TOL=10L/10.

IF(TuL-1.0E~ ~30)320,310,31¢0
K2zK3e1
GO TV 29

2.1.00/kTs) 4,

WRITE(61,321)

FORMAT(//23H NO SULUTIULN FROM SiMEQ//)
KETURN

END

3200 _FORTRAN DIAGNCSIfC RESULTS - ¢+ .R

SIMEV
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TABLE I. - INITIAL

CONDITIONS FOR THREE-STRFAM MIXING

S [ N ] L L | T e | T T

LOCATION
Turbine
Physical Property Jet Exit Exhaust Exit Free Stream
Temperature, °K 2751.5 830.0 281.1

Pressure, dyne/cm2

Density, gm/cm3
Speed, cm/sec

Enthalpy, cal/sm

Mass Fractions

CH

8.9149 x 10°
3.10712 x 10-5
293,126.1

73.38

0.04377
0.0

0.02246

0.00u28

0.93267

8.9149 x 10°
1.17099 x 19~%
36,576.0

-1,048.25

0.16558

n.10093

]
<O

0.67101

0.06249

8.9149 x 10°
1.1005 x 10-3
3,144.0

125,34

0.233

0.0

0.767
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